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This  report  gives  the  spec if Icat lone  and  design  details  of  the 
second  broad  band  inductive  beeun  former  constructed  for  NEL  Code  313O 
for  use  with  a 16  hydrophone,  23  bearing  line  array  system  for  use  at 
to  500  cps.-^ 

The  device  was  constructed  by  Instruments  Incorporated,  San  Diego, 
California,  Contract  N123(953)33858A,  primarily  for  use  with  towed  sonar 
receiving  arrays. 

The  inductive  broad  band  phase  compensator  is  introduced  in  MEL 
Report  1009  by  F.  R.  Abbott.  The  theory  and  performance  of  phase  compen- 
sators is  discussed  in  several  MEL  Reports  by  Dr.  C.  J.  Krieger  and 
R.  P.  Kempff.  The  most  useful  of  these  is  the  Linear  Array  part  of  MEL 
Report  1108  by  R.  P.  Kempff.  A memo  which  describes  the  first  inductive 
broad  band  phase  compensator  is  NEL  Technical  Memorandtim  6l4  by  J.  Petigh. 

BEAM  FORMATION 

The  beam  former  is  designed  for  an  array  of  16  hydrophones  spaced 
six  feet  apart.  The  beam  formation  is  done  in  a 16  transformer  39“beam 
inductive  phase  compensator.  The  primary  of  each  transformer  has  600 
tvirns  with  a tap  at  100  tiirns  for  use  with  the  low  impedance  output  of 
the  matching  amplifier.  There  are  78  secondary  windings  on  each  trans- 
former which  vary  from  +10  to  -10  turns. 

The  shading  factor  An,  for  any  hydrophone,  is  given  by 

An  = 10  cos  fS-nA^  7,"'’ 


where  ^8-n^  indicates  absolute  value,  and  n is  the  number  of  the  hydro- 


phone from  either  end  of  the  array.  The  shading  is  introduced  on  the , 
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The  winding  schedule  is  designed  so  that  the  center  point  of  the 
array  woiild  correspond  to  +45°  phase  shift  if  there  were  a hydrophone 
there.  This  choice  Is  arbitrary  and  it  produced  a symmetry  that  makes 
the  winding  schedule  easy  to  check. 

For  equal  cross-over  beams,  the  beeuns  are  separated  by  a constant 
incremental  phase  per  hydrophone,  11.8°.  So  the  winding  schedttle  is 
calculated  from  the  following  equations  In  which  Is  the  number  of 
sine-winding  turns  in  the  n’th  transformer  secondary  contributing  to 
the  m'th  beam.  QCnm  Ib  corresponding  number  for  cosine  windings: 

QSnm  = Ajj  Sin  (45+  8^  - n 11.8  m ) 

QCqjq  = Ajj  Cos  (45+  8^  - n 11.8  m ) 
where  n is  the  ntunber  of  the  hydrophone  with  the  forward  hydrophone 
nximbered  1,  and  m is  the  number  of  the  beam  from  l4  to  -l4  including  0, 
and  is  the  shading  factor  mentioned  above.  The  winding  schedule  for 
QSnm  QCjjm  is  given  in  Appendix  1. 

The  summing  networks  for  the  sine  and  cosine  windings  were  designed 
by  Instruments  Incorporated.  These  each  feed  a one  1000  ohm  filter. 

There  are  201  filters.  Appendix  2 shows  the  circuit  of  a stunmer  and 
filter.  Beam  + 15  and  -15  are  summed  with  a center  tap  transformer. 

The  inter  connection  between  the  beam  former  and  the  filters  are  described 
in  Appendix  3-  Tbe  filters  have  an  attenuation  of  about  7 db. 

BEAM  DIRECTION 

The  selection  of  which  becun  to  use  for  each  of  the  beam,  frequency 
pairs  was  made  by  the  use  of  Appendix  4.  Using  a filter  for  every 
direction,  and  frequency  combination  would  have  required  299  filters. 
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I’i  l'.!':  a filter  only  for  the  nearest  beam  frequency  combination,  nav. 

Jow  frequency  filters  and  doesn’t  effect  the  bearing  resolution 
since  the  broader  low  frequency  beams  cover  many  of  the  bearings.  The 
beams  chosen  for  ea<rh  bearing  is  shown  in  Appendix  ‘j.  The  bearings  on 
the  sealecto  board  cross  over  at  less  than  three  db  down. 

OPUMTION 

The  sealecto  board  on  the  front  of  the  beam  former  is  composed  of 
t,wo  sections.  The  top  section  connects  the  output  of  the  filters  to 
the  corresponding  bearing,  frequency  pairs.  These  points  are  bussed 
vertically  as  pairs  are  Inserted  in  the  board.  These  23  vertical 
iiusses  connect  to  the  23  output  connectors  on  the  right  side  of  the 
beam  former.  The  23  blisses  continue  through  the  bottom  half  of  the 
board.  The  bottom  half  of  the  board  contains  ten  horizontal  busses 
that  connect  to  the  ten  outputs  on  the  bottom  of  the  board. 

Inserting  a pin  in  the  bottom  half  of  the  boeo^  connects  its 
vertical  bus  to  its  horizontal  bus.  Inserting  two  pins  on  the  scune 
horizontal  bus  on  the  lower  section,  ties  the  two  corresponding  ver- 
tical busses  together.  Inserting  a pin  in  two  different  points  driven 
by  the  same  filter  also  shorts  the  vertical  bus  of  each  of  the  points 
together. 

GAIN 

The  voltage  gain  of  the  system  with  the  amplifier  setting  on  10 
is  10  db;  euipllfler  setting  1,  gain  -10  db;  amplifier  setting  .1, 
gain  -30  db.  This  gain  compares  the  Input  to  the  Ijqpedance  matching 
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amplifiers  to  the  output  of  beam  former  at  the  center  of  the  main  lobe, 
at  the  center  frequency  of  the  corresponding  filter.  This  does  not 
include  the  gain  of  the  low  level  preamp.  The  Input  Iqpedance  of  the 


matching  amplifier  is  10,000  ohms.  An  input  of  two  volts  is  the 
maximum  the  system  can  take  without  distortion. 
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"INTERCONNECTION  SCHEDULE  FOR  FILTERS  AND  BEAM  FORMER 
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APPENDIX  III 


BESI.AVA11ABIE  COPY 
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[■otal : 201  filters 

Maximum  number  of  outputs  from  one  filter:  6 
Maximum  number  of  filters  from  one  beam:  13 
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